Previous research has shown that healthy individuals who fail to differentiate among emotional states (i.e., those with low emotional granularity; EG) have poorer social functioning (SF) than those with high EG. It is unknown, however, whether these associations extend to clinical disorders characterized by impaired SF, such as schizophrenia. In the present study, we compared SF and EG in individuals with schizophrenia and healthy controls, and then, within the schizophrenia group, we examined the links between EG and SF. Employing an Experience Sampling Method approach, 77 individuals with schizophrenia and 27 healthy controls rated their momentary emotions (sadness, anxiety, anger, and happiness) up to 10 times/day over a two-day period using mobile electronic devices. For each participant, we then calculated the within-subject average correlations among the momentary emotion ratings, producing two EG indices e EGI all for all emotions and EGI neg for negative ones. A subsample of participants with schizophrenia also completed self-report, interview, and ability-based measures of SF. Compared to healthy controls, individuals with schizophrenia displayed significantly poorer SF and lower EGI all , but comparable EGI neg . Within the schizophrenia group, hierarchical multiple regression analyses indicated that EGI all , but not EGI neg , significantly predicted social dysfunction after controlling for emotional awareness, symptoms, and emotional intensity and variability. Our findings indicate that individuals with schizophrenia have a relatively intact ability to differentiate among negative emotions in everyday life. However, they experience significant difficulties differentiating between positive and negative emotions, and this may contribute to their social difficulties.
Introduction
Emotions have long been thought to play a crucial role in guiding social interactions. For example, Ekman defined the primary function of emotions as mobilizing the individual "to deal quickly with important interpersonal encounters" (p. 171; Ekman, 1992) . Emotions are said to do this by providing information about the significance of various social situations (Frijda and Mesquita, 1994; Gross, 2002; Keltner and Haidt, 1999) , as well as by guiding potential actions to address such situations Campos et al., 1989) . For emotions to be maximally useful in a social context, they must be represented in a differentiated fashion, not just to others, but also to the self. However, individuals differ considerably in their experience of emotions. Some individuals experience emotions in a highly differentiated manner, making clear distinctions between discrete emotions (i.e., "sad" is distinguished from "anxious"). In contrast, others experience emotions in a relatively undifferentiated manner, making interchangeable use of similarly-valenced emotion labels (i.e., all negatively-valenced states are represented as "I feel bad"). Such individuals tend to characterize their emotions more globally based on the overall pleasantness or unpleasantness of their experience Carstensen et al., 1999 Carstensen et al., , 2000 Lane and Schwartz, 1987; Lane et al., 1990 Lane et al., , 1996 Larsen et al., 1996) .
The degree to which individuals differentiate among emotional states and represent them with precision and specificity has been termed emotional granularity (EG; Barrett, 2004) , where high granularity represents description of emotional experiences with a high precision, whereas low granularity represents description of emotional experiences in more global terms. Because emotional experiences convey important information to an individual, EG plays an important role in shaping how social interactions unfold Clore and Tamir, 2002) . Specifically, reduced EG may make it difficult for individuals to select appropriate response strategies for dealing with the social situation, potentially resulting in social dysfunction . Thus, successful adaptation to ever-changing social environments is contingent upon having clear representations of one's own emotional state. Among healthy individuals, a number of studies support the association between EG and social functioning (SF). In one experience sampling study, greater EG was associated with larger repertoires of emotion-regulation strategies , which is suggestive of enhanced SF. In another study, the precision with which individuals represented their emotional experiences was linked to the management of emotions during stressful situations . Taken together, these findings suggest a link between higher EG and better SF, at least in non-clinical populations.
One important application of this line of reasoning regarding EG and SF is to clinical disorders that are characterized by difficulties with SF. Individuals with schizophrenia display substantial difficulties processing emotions (Blanchard et al., 1998; Hooker and Park, 2002; Kee et al., 2003; Kring and Caponigro, 2010) , as well as navigating social situations as manifested by difficulties in multiple domains including impaired social skills (Patterson et al., 2001) , infrequent achievement of social milestones (Harvey et al., 2009) , and smaller social networks (Patterson et al., 1997) . Such impairments show no evidence of improvement over time and often result in employment difficulties and disability (Harvey et al., 2012) , thus representing a serious public health concern. Despite its potential relevance, the link between EG and social dysfunction in schizophrenia has not been examined.
Thus, the goals of the present study were: (1) To confirm previously reported differences in SF between individuals with schizophrenia and healthy controls; (2) To compare EG in individuals with schizophrenia and healthy controls; and (3) To examine the links between EG and SF in the schizophrenia group and assess whether EG would predict SF even when previously identified predictors and confounding factors were taken into account. We hypothesize that individuals with schizophrenia would display significantly poorer SF and lower EG compared to healthy controls. We further hypothesized that among individuals with schizophrenia, higher EG would predict better SF.
Method

Participants
Seventy-seven individuals with schizophrenia and 26 healthy controls were recruited at the New York State Psychiatric Institute (NYSPI) at Columbia University Medical Center. Individuals with schizophrenia were recruited from patients treated at the NYSPI. Healthy participants were recruited via advertisements. Inclusion and exclusion criteria for all participants included: age 18e55, English speaking, and no diagnosis of mental retardation. For the schizophrenia group, the inclusion criteria also included a DSM-IV diagnosis of schizophrenia spectrum disorder. For the control group, exclusion criteria included a history of psychosis, a diagnosis of any DSM-IV Axis-II Cluster A personality disorder, a first degree relative with history of psychosis, and being adopted. The DSM-IV diagnoses in the schizophrenia group were: 59 Schizophrenia, 11 Schizoaffective Disorder, 1 Delusional Disorder, and 6 Psychosis NOS. The study was approved by the NYSPI's Institutional Review Board and all subjects provided written informed consent.
Procedure
After signing the informed consent form, participants typically completed the experience sampling protocol and clinical research assessments during weekdays within 2e4 weeks of study entry. The diagnoses and neurocognitive functioning assessment were typically completed within 1e2 months from study entry. Diagnoses were determined using the Diagnostic Interview for Genetic Studies (DIGS).
Primary measures
Emotional granularity was assessed over a two-day period using Experience Sampling Method (ESM) with mobile devices (Kimhy and Corcoran, 2008; Kimhy et al., 2006 Kimhy et al., , 2010 . As the data were originally collected as part of studies assessing concurrent ambulatory autonomic regulation, a relatively shorter assessment period was scheduled (vs. the typical 6 days ESM assessment). Participants were provided with a Palm Tungsten T3 computer with the iESP software to present questions and collect responses. The devices were preprogrammed to beep randomly 10 times/day (10 am / 10 pm) to elicit 20 experience samples over a two-day period. Upon hearing the beeps, participants were instructed to complete a brief questionnaire, which also included four questions about current emotions e sadness, anger, anxiety, and happiness. For each question, participants were asked to rate their current experience using a graphical slider. Responses were represented in the output as a value between 1 ("not at all") and 100 ("very much"). To determine EG, we calculated for each participant two Emotional Granularity Indices (EGI):
The overall EGI was determined by calculating for each participant the six correlations among the four ESM-rated emotions (sadness, anger, anxiety, and happiness), averaging the six correlations, and multiplying the outcome by À100. The second index for negative emotions, EGI neg , was determined by calculating for each subject the three correlations among the three ESM-rated negative emotions (sadness, anger, anxiety), averaging them, and multiplying the outcome by À100. The indices had a range from À100 to 100, with higher EG ratings reflecting lower average correlations between emotions within a participant. All ESM within-subject correlations of emotional states were transformed using Fisher's r-to-z transformation before the EG indices were calculated.
Social functioning was assessed using three measures reflecting distinct assessment methods e self-report, interview-based, and an ability task: a. Self-report: The Provision of Social Relations Scale (PSRS; Turner et al., 1983 ) is a 15-item scale measuring quality of social relationships with family and friends. Items are scored on a 5-point scale, with higher scores indicating lower quality of social relationships. The PSRS was found to have alpha coefficients of .85, .80, and .78 among individuals with schizophrenia, bipolar disorder and healthy controls, respectively as well as good testeretest reliability (.75e.87; Huprich et al., 2002) . b. Interview: Item #20 ("Ability to Feel Intimacy and Closeness") from The Scale for Assessment of Negative Symptoms (SANS; Andreasen, 1982) assesses the ability to form close or intimate relationships, especially with opposite sex and family. This item was administered as part of a standard SANS administration.
Responses are rated by the interviewer from 0 (no difficulties) to 5 (severe). c. Ability task: The Social Management Task of the MayereSaloveyeCaruso Emotional Intelligence Test (MSCEIT, Section H; Nuechterlein and Green, 2006) is an ability task in which the respondent rates the effectiveness of potential actions in managing various social situations depicted in short vignettes. Respondents are asked to indicate the effectiveness of each action. The MSCEIT has been shown to be a reliable and valid measure of social management in schizophrenia (r ¼ .73; ICC ¼ .73).
Control measures
We included in our analyses a number of control measures including previously identified predictors along with potential confounding factors. Our group has previously identified emotion awareness as a strong predictor of SF in individuals with schizophrenia (Kimhy et al., 2012b) . We also controlled for the potential impact of emotion intensity and variability on EG (Demiralp et al., 2012) , along with demographic, clinical and neurocognitive covariates.
Emotion awareness was assessed using the Toronto Alexithymia Scale (TAS-20; Bagby et al., 1994 ), a 20-item self-report questionnaire, with higher score indicating poorer functioning. We used the Difficulty Identifying Feelings (DIF; 7 items) and Difficulty Describing Feelings (DDF; 5 items) subscales. Participants are asked to indicate on a 5-point scale to what extent they agreed with each statement. The total score TAS-20 has a good internal consistency (!.80) with the DIF and DDF subscales demonstrating solid reliability (r ¼ .79e.83).
Emotion intensity was indexed by averaging the momentary emotion ratings for each of the four emotions across the entire sampling period. Then, we calculated the mean overall emotion and negative emotion intensity scores for each participant.
Emotion variability was indexed by calculating the variance of the intensity of each emotion over the entire sampling period, again separately for overall and negative emotions.
Demographic, clinical and neurocognitive covariates were collected including demographic variables, reading ability (Wechsler Test of Adult Reading; WTAR), depression (Beck Depression Inventory), anxiety (Beck Anxiety Inventory), psychotic symptoms (Scale for Assessment of Positive Symptoms; SAPS), and use of antipsychotic medication (as indexed by chlorpromazine equivalence). Neurocognition was assessed using The MATRICS Consensus Cognitive Battery (MCCB; Nuechterlein and Green, 2006) .
Data analyses
Significance levels were set at p < .05. Consistent with previous ESM studies in schizophrenia, participants had to complete >30% of the experience samples for their data to be included in the analyses. For group comparisons, we first evaluated the SF and EG variables alone using two-tailed t-tests, followed by ANCOVAs controlling for covariates. Associations between SF and EG indices were examined first using Pearson correlations, followed by partial correlations controlling for covariates within the schizophrenia group. Finally, assessment of whether EG would predict SF was tested using hierarchical regression analyses, with the SF indices entered as dependent variables and EG variables as predictors. Next, we repeated the analyses to ascertain whether EG would predict SF above and beyond previously identified predictors and covariates. The SF indices were entered as dependent variables, previously identified predictors were entered in block 1, the covariates were entered in block 2, and the EG variables entered in block 3.
Results
Demographic and clinical characteristics are presented in Table 1 for individuals with schizophrenia and healthy controls. There were no significant differences between the individuals with schizophrenia and healthy controls with regard to sex, race, Our first aim was to confirm previously reported differences in SF between individuals with schizophrenia and healthy controls. Only a subsample (n ¼ 48) of participants with schizophrenia had data on all three social functioning measures. There were no significant differences between the individuals with schizophrenia with or without the social functioning data with regard to sex, race, ethnicity, marital status, reading ability or number of completed ESM responses. As hypothesized, individuals with schizophrenia displayed significantly lower SF than the healthy controls as assessed by all three indices: self-report, interview, and abilitybased (see Table 2 ). These differences remained after controlling for age and emotional intensity and variability. Calculations of Cohen's d indicated large effect sizes for group differences.
Emotional granularity e comparison of individuals with schizophrenia and healthy controls
Our second aim was to evaluate whether individuals with schizophrenia differed from healthy individuals in their ability to differentiate among emotional states and represent them in a distinct manner, with higher EG ratings reflecting lower average correlations between emotions within a participant. The distribution of EGI all for individuals with schizophrenia and for healthy controls are presented in Fig. 1 . The ShapiroeWilk test of normality indicates normal EGI all distribution among both the schizophrenia and healthy controls groups (W ¼ .98, p ¼ .30 and W ¼ .97, p ¼ .69, respectively). The results of the comparison are presented in Table 2 e consistent with our hypothesis, individuals with schizophrenia had significantly lower EGI all , with Cohen's d calculation indicating a moderate to large effect size. These differences remained significant after controlling for age, emotion variability and intensity. There were no significant EGI neg group differences.
Emotional granularity and social functioning in schizophrenia e links to social functioning
Our third aim was to examine the links between EG and SF in the schizophrenia group and assess whether EG would predict SF in this group even when previously identified predictors and confounding factors are taken into account. These associations were evaluated in a subsample of participants with schizophrenia (n ¼ 48) that completed SF ratings. There were no significant differences in EGI all and EGI neg scores between participants with and without SF ratings, as well as age, sex, race, ethnicity, marital status, reading ability or number of completed ESM responses. Consistent with our hypothesis, EGI all was significantly correlated with all three SF indices. These associations remained significant after controlling for delusions, emotional intensity and variability (see Table 3 ). However, contrary to our hypothesis, EGI neg was not associated with SF.
Next, we evaluated whether EG would predict SF in individuals with schizophrenia. As a first step, we conducted regression analyses with the SF indices entered as dependent variables and EG variables as predictors. For the self-report SF measure, the model accounted for 58% of the variance (F 2,45 ¼ 11.57, p < .001), with EGI all contributing uniquely to the model's validity (b ¼ À.62, t ¼ 4.73, p < .001). Similarly, the models indexed by the interview and ability-based measures accounted for 50% and 48% of the SF variance (F 2,37 ¼ 6. (Kimhy et al., 2012b) . Thus, we included these variables in the regression analyses, along with emotional intensity and variability (from the ESM data).
Three sets of hierarchical multiple regression analyses were conducted with self-report, interview, and ability-based measures of SF entered as the dependent variable. We entered difficulties identifying and describing emotions in block 1; covariates including depression, anxiety, and delusions along with emotional intensity and variability were entered in block 2; and the EG indices were entered in block 3. We elected not to include negative symptoms as predictors given such symptoms largely represent measures of emotion and social dysfunction, just with different labels (Hunter and Barry, 2012) .
The first hierarchical multiple regression analysis indicated that the model accounted for 79% of the self-report SF variance. After controlling for emotion awareness, depression, anxiety, delusions, and emotional intensity and variability, EGI all accounted for 13% of the variance (F 11,35 ¼ 12.08, p < .001), contributing uniquely to the model's validity (b ¼ À.46, t ¼ 4.60, p < .001). Likewise, the second hierarchical multiple regression analysis indicated that the model accounted for 46% of the interview-based measure of SF variance. After controlling for emotion awareness, depression, anxiety, delusions, and emotional intensity and variability, EGI all accounted for 23% of the variance (F 9,30 ¼ 2.85, p ¼ .015) and contributed uniquely to the model's validity (b ¼ À.58, t ¼ 3.38, p ¼ .002). Finally, the third hierarchical multiple regression analysis indicated that the model accounted for 50% of the ability-based measure of SF variance. After controlling for emotion awareness, depression, anxiety, delusions, and emotional intensity and variability, EGI all accounted for 9% of the variance (F 9,28 ¼ 3.12, p ¼ .010), contributing uniquely to the model's validity (b ¼ .38, t ¼ 2.20, p ¼ .036).
Discussion
Our group has previously examined the impact of emotional awareness and regulation on social functioning in schizophrenia (Kimhy et al., 2012b) . The present study extends these findings by examining EG e an aspect of emotion processing that has not been investigated previously in schizophrenia. Our findings indicate that compared to healthy individuals, people with schizophrenia display significantly more difficulties differentiating between positive and negative emotions, and such difficulties are associated with poorer SF. In contrast, their ability to differentiate between negative emotions appears to be relatively intact.
Emotional granularity in individuals with schizophrenia
As hypothesized, individuals with schizophrenia displayed significantly lower EG all compared to the healthy individuals. These findings are consistent with a meta-analysis of laboratory studies that found that individuals with schizophrenia experience coactivation of positive and negative emotions characterized by increased negative emotions following exposure to positive and neutral stimulus (Cohen and Minor, 2010) . Similar difficulties have been also reported among schizotypal individuals (Kwapil et al., , 2002 Mann et al., 2008) . Thus, our findings are particularly significant as they expand on previous laboratory studies by demonstrating that lower EG all is also experienced during the course of "real world" daily functioning. The co-activation of positive and negative emotions in schizophrenia may potentially reflect limbic dysfunction resulting in over-activation of negative emotion-related circuitry. Consistent with this view, individuals with schizophrenia show decreased amygdala volume compared to controls (Velakoulis et al., 2006) , increased tonic activity in brain regions related to negative emotions (Taylor et al., 2002 (Taylor et al., , 2005 , as well as decreased amygdala activation in response to social stimuli (Kosaka et al., 2002) . Alternatively, such co-activation may represent impairments in high-order structures known to be involved in inhibiting limbic activity (e.g., orbitofrontal brain regions; Taylor et al., 2002; Cohen et al., 2011) . While the schizophrenia literature has generally viewed the experience of simultaneous emotions as reflecting dysfunction, it may be argued that such experience may in fact represent a more sophisticated emotion processing (e.g., a parent feeling sad about their child departing to college while also feeling proud about their accomplishment). Supporting this view, Carstensen et al. (2011) used ESM ratings of emotional experiences in 553 healthy adults. They found that aging was associated with improved emotional well-being along with higher co-occurrence of positive and negative emotions, which they interpreted as reflecting greater emotional complexity. Also, consistent with this view, Lane and Schwartz developed the Levels of Emotional Awareness Scale (LEAS) that conceptualized emotional awareness as a phenomena ranging from no emotional awareness (lowest level), to responses describing undifferentiated emotions (i.e., "bad"), to use of welldifferentiated single emotion (i.e., "sad"), to responses involving simultaneous experiences of distinct emotions (Lane and Schwartz, 1987) . The LEAS consists of brief descriptions of twenty evocative interpersonal situations to which participants are asked "How would you feel?" However, Baslet et al. (2009) used the LEAS and found no difference in emotional awareness for self between individuals with schizophrenia and healthy controls.
The differences between our findings and Baslet et al. (2009) may reflect different assessment methods, with the LEAS asking participants to imagine their emotional response to hypothetical scenarios vs. our ESM-based results reflecting emotional responses to actual first-hand experiences. Alternatively, the conflicting perspectives may be reconciled by taking into consideration of the individual's clarity about the causes of their emotions. Specifically, the ability to attribute causes for experienced emotions may help generate adaptive responses and contribute to effective SF. In contrast, experiencing multiple emotions simultaneously without a clear sense of their origin may result in confusion, leading to social dysfunction. Supporting this view, Russell and Barrett (1999) found that specific emotions are linked to causal objects, whereas undifferentiated global affective states are not. Consequently, specific emotional states may have more adaptive value than global ones due to reduced misattribution errors (Schwarz and Clore, 1996) . Thus, within the context of schizophrenia, the SF difficulties may potentially reflect difficulties attributing emotions, resulting in poor emotional coherence.
It may be argued that our findings regarding EG and social functioning may represent a change in the factor-structure of emotions due to more severe psychopathology (i.e., depression; Elhai et al., 2013) . Accordingly, when people get more ill, their emotions become more intense, and therefore more difficult to differentiate. However, our results remained significant after controlling for depression, anxiety, delusions, and emotional intensity and variability, negating this view. Likewise, previous reports indicate no significant differences between people with schizophrenia and healthy controls in their ability to use mobile devices as part of ESM studies (Kimhy et al., 2012a) , suggesting that our findings are not due to participant response characteristics.
Emotional granularity and social functioning in individuals with schizophrenia
Our results are consistent with an extensive literature indicting substantial difficulties in emotion regulation and SF among individuals with schizophrenia. Barrett (2004) argued that for emotions to be maximally useful in a social context, it is essential that they are represented in a differentiated fashion, not just to others, but also to the self. Supporting Barrett's view and our hypothesis, higher EG all predicts better SF among individuals with schizophrenia. The results are particularly meaningful given that SF was indexed by three distinct measures. While all individuals may experience momentary cooccurrence of positive and negative emotions, EG all differences between the individuals with schizophrenia and healthy individuals suggest that the former may experience a more chronic pattern characterized by a higher frequency of emotional co-activation. Such chronic experiences, may lead to increased sense of confusion, more frequent displays of dissonant verbal and non-verbal communications, as well as negatively influence interpersonal decision-making e all potentially contributing to social dysfunction.
Another implication of our findings is to the ongoing debate regarding hedonic deficits among individuals with schizophrenia. Specifically, our results provide further evidence that people with schizophrenia appear to have intact "consummatory pleasure", supporting the view proposed by Kring and colleagues (Gard et al., 2007) .
Limitations and future directions
Several limitations of our study should be acknowledged. One limitation is the relatively small range of emotions assessed as part of the current study, which was not designed to assess EG. Thus, future studies should assess a wider range of emotions. Alternatively, the results may have also been influenced by the relatively short assessment period. Potentially related to this issue, the lack of differences in EG neg may be associated with these limited ranges. A second limitation is the lack of a clinical control group, leaving the possibility that the findings may apply to other clinical populations rather than just schizophrenia. Demiralp et al. (2012) found that individuals with MDD had less differentiated emotional experiences than did healthy participants, but only for negative emotions, suggesting an EG profile distinct from schizophrenia. However, they assessed a broader range of emotions. Thus, future studies may want to replicate our assessment in other clinical populations, as well as evaluate a larger number of emotions, especially positive ones. Additionally, providing participants with specific emotion labels could alter their emotional experience or misrepresent their true EG. This could be assessed in future studies by evaluating emotional responses in an open-ended way, and/or comparing open-ended labeling to fixed dimensions in ESM evaluations. Future studies will also be needed to determine the underlying circuitry associated with co-activations of positive and negative emotions in schizophrenia, as well as the potential impact of emotional coherence on SF. Finally, while the SANS has been validated extensively, our use of item #20 as an interview-based index of social functioning is novel.
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